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We construct an effective field theory (EFT) model that describes matter field interactions with
Schwarzschild mini-black-holes (SBH’s), treated as a scalar field, B0(x). Fermion interactions with
SBH’s require a complex spurion field, θij , which we interpret as the EFT description of “holographic
information,” which is correlated with the SBH as a composite system. We consider Hawking’s
virtual black hole vacuum (VBH) as a Higgs phase, 〈B0〉 = V . Integrating sterile neutrino loops, the
information field θij is promoted to a dynamical field, necessarily developing a tachyonic instability
and acquiring a VEV of order the Planck scale. For N sterile neutrinos this breaks the vacuum
to SU(N)×U(1)/SO(N) with N degenerate Majorana masses, and 1
2
N(N + 1) Nambu-Goldstone
neutrino-Majorons. The model suggests many scalars fields, corresponding to all fermion bilinears,
may exist bound nonperturbatively by gravity.
PACS numbers:
I. INTRODUCTION
In the present paper we will discuss the issue of the
“black hole information paradox” in the context of an
effective quantum field theory (EFT). This is a powerful
tool for summarizing low energy processes where the de-
tailed short-distance behavior of a system is integrated
out. In the present case we consider the issue is the con-
servation or non-conservation of a global current by a
black-hole and how this should be described as an effec-
tive interaction.
We consider sterile neutrinos, possessing an SU(N)×
U(1) global symmetry, and how they interact with a
Schwarzschild mini-black hole (SBH) of mass MPlanck.
In an effective field theory, we’ll describe the SBH by a
real quantum field, B0(x), whose excitations are minimal
mass, tiny black holes. We know that an s−wave pair of
sterile neutrinos can fall into the SBH, or scatter close to
it. We write a coupling of the neutrinos to B0 that pre-
serves or violates the global symmetry. This then raises
the question of how the current is carried by the black
hole?
A conserved global-charge current cannot be carried
by a real scalar field alone. To engineer a coupling of a
neutrino pair, ∼ αβνiα(x)νjβ(x), to B0(x) we need some
kind of complex “information” field that can be attached
to the SBH. We will designate this as θij(x). Physically,
the neutrino pair falls into the SBH, but never appears
to cross the horizon. However, at some point we can no
longer distinguish the neutrino pair and black hole from a
pure black hole, though there may be some information
record in the EFT black hole that is in the process of
absorbing them.
In the effective field theory we describe this by a “spu-
rion,” a complex field that transforms under SU(N) iden-
tically to the neutrino pair and allows us to tie all the
indices together, and co-localized with the SBH and the
neutrinos through the interaction term. This strongly
suggests that the spurion represents information on the
horizon of the SBH. The issue of information is then re-
lated to what is the dynamics of θij(x)?
We emphasize that this is “effective field theory” and a
no-hair theorem does not apply. The EFT is describing a
mini-black hole and the region immediately surrounding
it, external to the horizon, which includes anything orbit-
ing or in the process of infall as seen by the Schwarzschild
observers.
We distinguish three possible cases for a dynamical
θij . (I) Information is explicitly lost; (II) Information
is conserved but does not propagate; (III) Information
is conserved and is carried by the black hole. Case
(I) evidently implies an explicit, arbitrary fixed value of
the spurion permeating all of space with a fixed orien-
tation in the group space, hence it doesn’t transform
under an SU(N) × U(1) transformation, and the asso-
ciated Noether current is violated. It seems that this
case makes no sense, since there is no procedure to spec-
ify θij(x), even as a random variable. Note that just
naively summing indices, Σij
αβνiαν
j
βB0(x), implies a
particular basis choice and therefore a particular choice
of θij(x) ∼ Σnmδinδjm, a matrix with all elements = 1.
Case (II) implies that we introduce a random field vari-
able θij(x), that has no correlation with the black hole
itself and, minimally, has no derivatives. This implies
that there is no current associated with θij(x), and in-
formation is not carried by the SBH, yet the neutrino
global current is conserved. We can treat θij(x) as a ran-
dom field, and average over θij(x) configurations through
which the black hole and the neutrinos propagate. This
is somewhat akin to a “spin-glass” in condensed matter
physics [1], and it ends up promoting θij(x) to being a
propagating field.
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2Case (III) implies that the information is stored on
the effective SBH and is dynamically transported by it.
This requires a“conjoined kinetic term” where the θij(x)
moves with B0(x) as a composite field, ∼ θij(x)B0(x).
Here θij(x) is strongly positionally correlated with B0(x).
Case (III) is the most sensible to us, and we interpret it
tentatively as an effective description of the holographic
principle [2]. What this implies about the short-distance
(near horizon) structure of the SBH requires a more de-
tailed understanding and matching of the effective de-
scription and the geomtrical properties of the SBH with
the infalling neutrino pair.
Secondly, we consider the effect of this on the neutrino
vacuum. It is likely there exists a rich new dynamics at
scales approaching MPlanck. Much of this may resem-
ble exotic condensed matter physics. Once we engineer
the interaction described above, we find that there are
potential dynamical consequences.
The first has to do with the SBH field B0(x) itself:
the vacuum of the B0(x) field will likely be nontrivial.
Indeed, we know of three classical and important (effec-
tive) scalar fields in nature, the Higgs field of the stan-
dard model (SM), the σ-meson of QCD chiral dynamics,
and the Ginzburg-Landau field of a superconductor (an
effective description of a Cooper pair). In each of these
examples the vacuum is a “Higgs phase.” In our present
scenario we consider that B0(x) → V + B where V is a
nontrivial vacuum expectation value (VEV).
A black hole Higgs phase will, in our model, have im-
plications for the dynamical behavior of information en-
coded in θij : owing to the effects of neutrino loops ex-
ternal to the horizon (in the EFT) global information
becomes a propagating massless field in a Higgs phase of
B0(x). Moreover, this back reaction of the neutrino fields
induces an instability, causing a tachyonic potential for
θij(x) to develop, and in turn, θij(x) acquires a VEV.
This happens in both cases (II) and (III) (though there
are slight differences) and we obtain an effective poten-
tial that leads to a VEV for θij , and sterile neutrinos
develop Planck scale masses. The SU(N) × U(1) global
symmetry is broken to SO(N).
II. EFFECTIVE FIELD THEORY
Hawking proposed a virtual black hole vacuum (VBH)
[3], in which the vacuum is viewed as consisting of Eu-
clidean (instanton-like) loops of tiny black holes, appear-
ing and disappearing on time scales of order M−1P (for a
review, see [4]). This is connected in the literature to var-
ious ideas in AdS hologaphy, gravitational instantons and
string theory [5][6][7][8]. The consequences of topologi-
cal instanton fluctuations at the Plank scale, associated
with anomalous neutrino currents, have also been consid-
ered recently [9]. Other authors have discussed possible
gravitational effects in neutrino physics [10, 11].
Using a real scalar field B0(x) to decribe mini-black
holes is a drastic approximation that subsumes all of the
classical degrees of freedom into a pointlike “particle,”
a Schwarzschild black hole (SBH) of the minimal mass
MP , which become the excitations of B0(x). However,
for considering multiparticle condensed matter states and
physics at distances larger than the horizon scale, this
may not be an unreasonable technical assumption, allow-
ing us to conveniently discuss a Higgs phase and matter
loop effects in an effective field theory (EFT). In what
follows we will neglect Hawking radiation.1
We choose the Lagrangian of B0(x) to be
L =
1
2
∂B0∂B0 − 1
2
M2B20 + JB0 + Λ (1)
For a simple model of a VBH, we have added a source
term, J . The vacuum value of B0 is therefore shifted and
we obtain the field B0 = B + V where V = J/M
2 in a
Higgs phase:
L→ 1
2
∂B∂B − 1
2
M2B2 − J
2
2M2
+ Λ (2)
We can always choose the source term to cancel an anti-
deSitter cosmological constant Λ = J2/2M . When par-
ticles of the standard model propagate through a VBH
they interact with the B + V field. Our main objective
presently is to provide a field theory description of phys-
ical processes that involve matter interactions with the
SBH’s. This is immediately related to the issue of infor-
mation loss as described in the introduction.
In the original view of Hawking, global charges would
simply be swallowed by mini-black holes which subse-
quently evaporate, and large violations of global charge
conservation would be expected. This has been imple-
mented to conjecture, e.g., gravitationally induced vio-
lation of B + L in the standard model [13] (see also an
exception, [14]). In the modern prevailing view global
charges are conserved, with the global charge “informa-
tion” holographically painted onto the horizon of the
black hole, to be recovered upon evaporation [2].2 In field
theory with the holographic principle, the global charge
current must remain conserved.
For N Weyl fermions we have the global SU(N)×U(1)
kinetic term ψ¯α˙i i∂µσ
µ
α˙βψ
iβ . For the Weyl fermion pair,
αβψiαψ
j
β ∼ [ψiψj ], we require a complex spurion, θij(x),
1 Hawking’s rationale behind considering Euclidean spacetime may
in part have been that the black hole loops are simply finite
action instantonic field configurations, and Hawking radiation
does not arise in Euclidean space. Given the source J there is no
decay of the static VEV, V in our Higgs phase. In any case, the
decay width Γ can be significantly less than MP of a physical
Planckian SBH of mass MP [12].
2 We are not considering anomalies, as in [9], which more defini-
tively break the global symmetries by violating the conservation
of the global current and with an instanton allows a mechanism
to exchange visible charge with the vacuum.
3to tie indices of fermions onto B(x), as
[ψi(x)ψj(x)]θij(x)
B20(x)
M2P
+ h.c. (3)
For the case of ψ representing neutrinos this is depicted
in Fig.(3). Note, we include here B20(x) since the fermion
pair is colliding with an existing black hole in the initial
state and producing one in the final state.3 In order to
make an SU(N) invariant interaction we require that θ
lies in the symmetric representation of SU(N) of dimen-
sion 12N(N + 1).
Naturally, θij(x) refers to the associated horizon infor-
mation of B0(x). However, in the context of field theory
we must face the issue of how to treat the spurion dy-
namically. In the following we consider two possibilities.
In case (II) we argue that the spurion is simply a ran-
dom complex valued variable at the point of interaction.
We therefore average path integrals over θij(x). In this
sense, the theory is analogous to a “spin-glass” in which
spins propagate through a random potential, and the par-
tition function is averaged over the potentials [1]. This
promotes θij(x) to a physical field. Since gravity loses
all memory of the information, there is no further au-
tocorrelation between θij(x) and itself, e.g., no mass or
kinetic terms, such as ∼ θij(x)θ†ij(x). Since there is no
current associated with θij(x). we interpret this as “lost
information.”
In case (III), following [2] we implement conservation of
information, i.e., the holographic principle which implies
a conserved global current that involves the information.
To do this we must view the SBH as analogous to a very
heavy atom, H(x) (such as Uranium) that is bound to
a light particle φ(x) (such as a neutron in its nucleus)
to make a composite system, φ(x)H(x). The physical
properties of the composite state are similar to those of
the unbound H(x), but the location in space-time of the
light field φ(x) must be correlated with the heavy H(x).
However, the heavy particle carries the bulk mass of the
system. This imples both a conventional kinetic term for
H(x), e.g., 12∂H∂H, and a conjoined kinetic term for the
composite system,
1
2M2P
∂µ(φ(x)H(x))∂
µ(φ(x)H(x)). (4)
However, the mass term involves only H(x), as
M2H(x)2.
In our case H(x) ∼ B0(x) and φ(x) ∼ θij(x). The con-
joined kinetic term ∂(θ†B0)∂(θB0), and no stand-alone
∂(θ†)∂(θ) term implies that θ(x) can never escape B0(x)
unless the system decays through a fermion pair. This
3 One could extend this to a model of production with vertex ∼
g[ψψ]θB0 but this is complicated by a large energy dependence
in a form factor which suppresses g(µ) for µ << MP [15].
leads to the following Lagrangian:
L =
1
2
∂B0∂B0 − 1
2
M2B20 + JB0 + Λ
+
1
M2P
∂(θ∗ijB0)∂(θijB0) (5)
The fact that θ is always accompanied by a factor of
B0(x) implies that it cannot escape the SBH, other than
by a neutrino interaction. In the limit B0 → V the ki-
netic term becomes:
〈B0θ|L|B0θ〉 ∼ L0 + V
2
M2P
Tr(∂µθ
†∂µθ) (6)
Remarkably, in the VBH vacuum upon replacing B0 →
V constant, the information field θ freely propagates
through the medium. We can then absorb a factor of
V/MP into θ to write (V
2/M2)∂µ(θ
†)∂µ(θ) → ∂µθ†∂µθ
and θ is then canonical. Mainly, there is now a conserved
global current that involves both the fermions and the
field θ.
The interaction vertex with the fermions then becomes,
again, that of eq.(3), in the VBH and suitably renormal-
ized
[ψi(x)ψj(x)]θij(x) + h.c. (7)
The interaction annihilates an information-less SBH B0
from the vacuum, and creates a composite SBH in the
vacuum with information, θij(x)B0(x). θ is thus created
(annihilated) by absorbing (producing) a fermion pair,
always in coincidence with B0 through its VEV.
We now apply this to sterile neutrinos,
III. STERILE NEUTRINOS
A. If Information is Lost
Assume we have N sterile neutrino flavors. This will
imply an SU(N)×U(1) invariant kinetic term, and we as-
sume this is a valid global symmetry at the Planck scale.
Consider an s-wave pair of massless right-handed neutri-
nos scattering off of an SBH. Here we have a unique situa-
tion in the SM that an s-wave combination of two mass-
less right-handed fermions, of flavors i and j can have
zero local gauge coupling constant but nonzero global
flavor.
We assume the neutrinos interact with the SBH B0
field as in Fig.(1):
νiα(x)ν
j
β(x)
αβθij(x)
B20(x)
M2P
+ h.c. (8)
where θij(x) is a constant dimensionless spurion (note
we given θ dimensions of a mass). This is case(I) alluded
to in the Intoduction and will break the conservation of
the global currents of the neutrinos explicitly. There is
nothing intrinsic to gravity that can dictate the flavor
structure or phase of θij in SU(N) × U(1) and we con-
clude that this is not a sensible theory.
4B. Random Field as a Spin-Glass
A more reasonable possibility is (II) that θij(x) is a
complex random variable. We have the interaction of
eq.(8), but θij(x) can have no autocorrelation due to
gravity, since the SBH has lost all knowledge of the ij
indices, hence no term like µ2θ∗ijθ
ij is induced. This is
the “information lost” scenario.
A given choice of θij(x) describes a particular subpro-
cess. However we then have to average over this field.
The system is analogous to “spin-glasses” which have
Hamiltonians that involve random variables (such as the
Edwards-Anderson model [1]).
For spin-glasses the averaging is done over the partition
functions and not in the action itself. In our case, we
average over the path integrals, and this has the effect of
promoting θij to a random quantum field:
→
∫
Dθ exp
(
i
∫
d4x θijν
i
αν
j
β
αβ(B20/M
2
P ) + h.c.
)
(9)
While with a fixed θij(x) the neutrino flavor current con-
servation would be violated, it isn’t hard to see that upon
averaging over θ matrix elements yield a conserved global
current 〈∂µν¯TAσµν〉 = 0.
The theory is singular, however, since the equation of
motion of θ would enforce the vanishing of the vertex.
To see this, we pass to the VBH vacuum upon replacing
B0 → V constant, and absorb the factor of
√
Z = V/MP
into θ to canonically normalize θ. If we then introduce a
small µ2θ∗ijθ
ij term in the action, the fermion current is
manifestly conserved upon use of the equation of motion
of the neutrinos and θ. In the VBH vacuum we have
νiαν
j
β
αβθij + h.c.− µ2θijθ†ij (10)
where Z = V 2/M2P . The corresponding 4-fermion inter-
action of eq.(10) is
[νiνj ][ν¯iν¯j ]
µ2
(11)
and is singular as µ→ 0. Likewise, as µ2 → 0 the equa-
tion of motion of θ enforces νiαν
j
β
αβB0(x)→ 0.
The key feature is the absence of the mass term for
θij(x) in the Planck scale effective Lagrangian. There are
no derivatives of θij(x) at this stage and no current built
of θij(x) and the theory is singular at MP . This would be
in our opinion, a realization of Hawkings information-lost
hypothesis.
We will see below, however, that this situation is un-
stable and effects of the back-reaction of the neutrinos
will lead to a nonsingular dynamics for θij(x), on scales
µ < MP and a spontaneous breaking of SU(N). The
singularity at MP share features with a Landau pole.
C. Information is Carried by Black Hole
However, we can locally conserve the information
(case III). We introduce a new effective field, Bij =
θij(x)B0(x), that is composite and may represent a SBH
with the information of a neutrino pair encoded on its
horizon holographically. The effective theory for the neu-
trino pair interaction with the BH’s becomes:
νiα(x)ν
j
β(x)
αβB0(x)B
ij†(x)
MP
+ h.c. (12)
How do we view Bij? An analogy was given in Section
II to the isotopes of Uranium. We can freely add or re-
move neutrons from the Uranium nucleus, and the mass
is not dramatically changed, nor are the chemical proper-
ties. Therefore we can view a Uranium atom as a ground-
state nucleus, U0, which with an additional neutron n(x)
becomes the effective field U0(x)n(x). Chemically (elec-
tromagnetically) we cannot easily discern which isotope
we are dealing with. Yet another analogy might be bugs
that end up flattened on the windshield of a car, that
have little effect on the properties of the car, but become
part of a conjoined kinetic term with it.
Similarly, the effective field Bij(x) is essentially a SBH,
B0(x) with the information θij(x) on it’s horizon, but
there is no experiment we can do to detect θij(x), other
than observing neutrinos emitted in Hawking radiation
as the BH decays. The mass of a θij(x) spurion field is
zero.
The kinetic term becomes the “conjoined kinetic term”
of eq.(5). The mass term is given by that of B0 alone,
1
2M
2
PB
2
0 , and there can be no Tr(θ
†θ) term. The effec-
tive theory for the neutrino pair interaction in the VBH
condensate becomes:
νiαν
j
β
αβθij
B20
M2P
+ h.c.→ Zνiανjβαβθij + h.c. (13)
where in the second term we have replaced B0 by the con-
densate and Z = V 2/M2. Moreover, in the condensate
the kinetic term becomes,
∂B†ij∂Bij → ZTr(∂µθ†∂µθ) (14)
Therefore, if we canonically renormalize θ we can adjust
Z = 1 and our theory in the condensate becomes:
νiαν
j
β
αβθij + h.c.+ ηTr(∂µθ
†∂µθ) (15)
This provides an insight into what is meant by conserva-
tion or loss of information, at least in the EFT: If we con-
serve information then η = 1; If information is (weakly)
lost then η = 0. Note that with η = 1 there is now a
formal conserved information current
jAµ = ν¯T
Aσµν + iT r(θ
†TA
↔
∂ µ θ) (16)
Information is now dynamically transferred from neutri-
nos to θ and can propagate freely through the condensate.
D. Back-Reaction of Neutrinos and Spontaneous
Symmetry Breaking
We can compute the action for the system at an en-
ergy scale µ by using the renormalization group. This
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FIG. 1: Low 4-momentum sterile neutrino pair of global fla-
vors (i, j) disappears into Schwarzschild BH (or the neutrino
exchanges global charge with the SBH in a t-channel). This
is described by a complex spurion field θij , and absence of an
M2Tr(θ∗θ).
FIG. 2: The infrared theory is controlled by the neutrino
loops.
follows the procedure known as the “block-spin renor-
malization group” for treating the Nambu–Jona-Lasinio
model [16], developed in Bardeen-Hill-Lindner [17]. For a
fixed choice of θij we integrate out the fermions, descend-
ing from a scale MP to a scale µ. This is obtained from
the fermions loops in Fig.(2) with the loop-integrals,∫ MP
µ
d4k
(2pi)4
(17)
We start with eq.(15) as the defining action at MP .
The result of integrating neutrino loops is an induced
action for θij of the form:
Z∂µθ
∗
ij∂
µθij −M2µθ∗ijθij −
λ
2
(θ∗ijθjkθ
∗
klθli) (18)
Using the results for Weyl spinors in Hill, Luty and
Paschos, [18], we immediately obtain:
Z = η +
1
8pi2
ln
(
M2P
µ2
)
λ =
1
pi2
ln
(
M2P
µ2
)
M2µ = −
1
4pi2
(M2P − µ2) (19)
Anticipating spontaneous symmetry breaking, we denote
the field VEV, θij = δijθ. Then
θ∗ijθij = Nθ
2 θ∗ijθjkθ
∗
klθli = Nθ
4 (20)
The unrenormalized potential is:
Vun = − N
4pi2
(M2P − µ2)θ2 +
Nθ4
2pi2
ln
(
M2P
µ2
)
(21)
Note that the infrared cut-off on our loops is determined
by the neutrino mass. The unrenormalized neutrino mass
is µ = mν = 2θ, and therefore the potential becomes
Vun = − N
4pi2
M2P θ
2 +
Nθ4
2pi2
(
ln
(
M2P
4θ2
)
+ 2
)
(22)
To renormalize we want the kinetic term to be brought
to canonical normalization.
The renormalized field VEV is therefore θˆ2 = Zθ2.
The neutrino mass becomes µ = mν = 2θˆ/
√
Z = 2gr θˆ,
where gr = 1/
√
Z is the renormalized Yukawa coupling.
Note that if η = 0 we see that gr displays the character-
istic Landau pole at µ→MP which is the compositeness
condition of the field θ [17]. Thus we have the renormal-
ized potential:
Vren = −g
2
rN
4pi2
(M2P )θˆ
2 +
g4rNθˆ
4
2pi2
(
ln
(
M2P
4g2r θˆ
2
)
+ 2
)
(23)
This is most conveniently rewritten in terms of the phys-
ical neutrino mass:
V = − N
16pi2
M2Pm
2
ν +
Nm4ν
32pi2
(
ln
(
M2P
m2ν
)
+ 2
)
(24)
Here have substituted mν for the field θ and we have
a renormalization invariant potential as a function of a
dynamical mν .
We now extremalize the potential with respect to mν ,
equivalent to extremalizing in θˆ. We obtain:
0 =
16pi2
N
∂
∂m2ν
V = −M2P +m2ν
(
ln
(
M2P
m2ν
)
+
3
2
)
(25)
The physical solution for the neutrino mass is
m2ν = 0.424 M
2
P mν = 0.651 MP (26)
The potential has a runaway for large values of mν >>
MP , but this is unphysical since we insist upon the cutoff
MP .
We remark that this result is sensitive to the sublead-
ing log behavior of the loops (constants), which differs
from [17]. In that case a large hierarchy is tuned by de-
manding a precisely tuned cancellation between a bare
mass term and the loop. Here we have no bare mass
term but we find a solution in a small log limit. Hence,
the boundstate field θ necessarily develop a vacuum ex-
pectation value (VEV) due to the VBH vacuum.
We note that we have neglected the production ver-
tex, ∼ ννθB0/MP , since we are mainly interested in
neutrino momenta below MP . However, our loop cal-
culation informs us that the neutrinos, in the SBH Higgs
phase, form a nonzero VEV, 〈νν〉 ∼ mνM2P together with
〈θ〉 ∼ MP which may be bootstrapped back to be the
source term J for the BH condensate itself.
6E. Phenomenology
The sterile neutrinos thus obtain a large common Ma-
jorana mass, ∼ MP . The N sterile neutrinos, coupled
to gravity, have a global SU(N)×U(1) symmetry which
is now broken to SO(N) θ contains N(N + 1) real de-
grees of freedom. The SU(N)/SO(N) breaking implies
there is one phase and there remain 12N(N + 1) massless
Nambu-Goldstone bosons.
We consider the SM with 3 families including 3 sterile
neutrinos. The SU(3) symmetry of the νiR is essentially
an accidental symmetry given only the gravitational cou-
plings of the neutrinos. The left-handed lepton doublets,
ψLi couple via the Higgs boson to the right-handed neu-
trinos through the Higgs field H as:
yijψ¯LiHνjR (27)
Generally the yij will break the SU(3). Integrating out
the heavy R-neutrinos yields the Weinberg operator,
1
MP
yijy
kj(ψ¯LiH)(ψ¯LkH)
T + h.c. (28)
If we now assume a typical (large) value for the ykj ∼ 1
in eq.(28) we see that the scale of the induced Majorana
mass terms of the observable L-neutrinos, with vweak ∼
(175 GeV), is ∼ v2weak/(1019 GeV) ∼ 3 × 10−6 eV, which
is rather small. According to [19], the best fit to neutrino
data implies we require ∆m212 ∼ m2ν ∼ 7×10−5 eV2 which
implies mν ∼ 0.8× 10−2 eV. Our results suggest a scale
of observable neutrino masses that is small by roughly a
factor of ∼ 3× 10−3.
Our result for the Majorana mass scale depends only
upon MP and is rather immutable. However this is the
Planck mass at extremely high energies (of order MP ).
It should be noted that a number of authors have argued
for significant renormalization effects of the Planck scale,
and that MP ∼ 1016 GeV may be reality in D = 4 [20].
Of course, with extra dimensions MP can be significantly
modified, but our set up requires D = 4 and would other-
wise have to be re-explored if D 6= 4. However, neutrinos
with the Type I seesaw may be uniquely probing grav-
ity at MP and offer credence to a signficantly reduced
Planck mass at high energies.
The 12N(N + 1) = 6 Nambu-Goldstone bosons (Ma-
jorons) will have decay constant f ∼ MP but poten-
tials governed by the explicit SU(3) symmetry breaking
Weinberg operator. Schematically ∼ m4 cos((φ/f) + χ),
where χ is a CP phase and may range from m ∼ mν to
m ∼ vweak depending upon the details of eq.(28). This
potentially offers a number of cosmological possibilities,
from late time phase transitions, dark energy, to provid-
ing an inflaton [21]. Discussion of these is beyond the
scope of the present paper.
IV. CONCLUSIONS
We have given an effective field theory treatment of
information loss or conservation in the dynamics of a
mini-black hole interacting with fermions. In particu-
lar, we have focused upon sterile neutrinos with a global
SU(N)× U(1) symmetry.
Our present model illustrates how “information” might
be described in analogy to an induced effective random
field θ. The weak information loss of global charge would
forbid gravitationally induced auto-correlation of θ, i.e.,
no kinetic, mass or interaction terms. However, consis-
tency with the holographic view promotes θij to a local
field and θ “piggy-backs” on a Schwarzshild black hole.
θ becomes dynamical in the black hole condensate.
The absence of the θ mass term for sterile neutrinos
has an immediate and dramatic physical consequence.
This implies that an instability driven by sterile fermion
loops will always lead to a condensate of θ ∼ MP . In
our case the instability is provided by the neutrino loops
external to the black holes, and θ becomes a sterile νν
boundstate.
Our present paper is introductory, but let us men-
tion a future application. In a subsequent paper we ex-
tend these results to locally charged fermions. We find
that the dynamics is more subtle. Owing to the local
gauge field, the Bij field essentially describes a Reissner-
Nordstrom (RN) black hole. This acquires a slight mass
enhancement of order αMP above the mass of the SBH
MP . This mass enhancement is associated with the in-
formation field θij , i.e., in the VBH the field θ freely
propagates, but carries the charge of the RN hole and
acquires the small RN mass term αM2PTr(θ
†θ). This
means that the tachyonic instability is blocked for small
V/MP . However, if an effective coupling g
2 = V 2/M2P
exceeds a critical value g2c the field θ acquires a VEV and
the gauge symmetry is then spontaneously broken.
A general picture that is emerging here, upon includ-
ing local gauging, offers a new non-perturbative bind-
ing mechanism for fermions to produce scalar fields. In
turn, this suggests a large system of composite Higgs
bosons. Moreover, a near critical value of the coupling,
g ∼ V/M implies deep scalar boundstates with (nearly)
vanishing masses. Perhaps a more refined theory might
lead to a conformal window with a low mass scale for the
di-electron boundstate, θ. In our crude approximations
this would be a coupling tuned arbitrarily near critical-
ity g ≈ gc. Since there are 1176 Weyl bilinears in the
standard model [22], there may exist a large number of
composite scalars in nature that are marginally subcrit-
ical boundstates of elementary fermions due to gravity,
with masses that extend down to the Higgs mass scale 125
GeV. In this picture, “scalar democracy,” the standard
model Higgs is composed of t¯t, and its nearest neighbor
b¯b would be expected at a mass scale ∼ 5.5 TeV and
accessible to an upgraded LHC [22].
The present scheme provides a view of how a new dy-
namical mechanism and composite scalar bosons might
7arise nonperturbatively from gravity, as a “dynamically
activated holographic information.”
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